et | ~ [NTRODUCTION

20 cubic sngine, which we acguived, was of wert!

of igal wrankshaft
design for use with o lower unit of an outbusro weotor. This snoine
weighed in st &5 Ibs, with the modified Bendix magnetc system attachec,
Overall dimensior:. can be obtuined by studying the gnclosed bhiveprinte,

This engine represents & basic prime mover and is the ultimate in
simplicity., {ven with its apparent simplicity, there are-certain condi-=
tionsg which mist be met or this engime will mot furiction properly. It
is the purposs of this blueprint and infarmation packace to p‘esent the
cﬂnditianc nesessiry to build 2 successfully cpersting engine.

Ancther ourpuse of this blueprirt and information packscs is to ene~
courace partizipaiion in our angine tuilding project as described in our
fFirst letter. By better understanding why this engine operates &s it ripey,
you will be - ttex preparsd t9 decide if you wou.d like to be tho proud
owner of & four cwlindar, 060 zubic inch, horizontal crenkshaft, 230 H.E.
encing, This engine building project will be @ Aon-profit venture. for
the sole DUrEIse ::f regucing the coust per engine so that truly interested
ingividuals can nixtain an enuNHE at @ 'reasanable price, A suuplpmentar;
information stkﬁwe will be campiled in the near future for those ludl\ =
uals who can definately say, "Yes, I want to own one of these sngines,”

This encine has bsen called a "mono-cycle’ gngine becw
ton function:s lika the glstcn in @ two stroke ernging, Howe
gine fumctiong orly in multiples of two and therefors, comes

; g tera
"monc-cycle.t Tris engine cen also De classified as a "free oniston engina®
as the crankshaft serves only to transmit the reciprocating motison and
“enercgy of the piston rod aksgmblv into r*ta\y motinh and enerqgy ai the
drive point., The pistan rod assembly can actumslly function without the
crenkshaft. However, without the crankshaft there is no way of utilizinc
the powar created by this @ssambly. This engins utilizes to the fullest
advyantage all of the conditions as ot forth Dy Beau De Rouch (S”& arti-
Dluﬁ *ncludem, plus tapes with ?u5x) After carefully ¢tudy;nl and veri-
fying the material contsined in this package and the mechanical and chem-
1vol data given i3 the “Bourke Engine Documentary," it shoulg hecome

clear mhy this ernjine performs as it does,

The gengine, from which the enclased hlueprints were made, ussd hd)l
bearings in the end pletes. As per the discussicns on the tapes, the
use of ball er rcllier bearings should be avoided and siipper bearings
should be ussd throughout the engine, All tolerances for sl ding fits,
runding fits, ste, can be pbtained from an FWQLnueanw Handbuaok. All
parts should be :acurately MdChlﬂed ag da ~ribed in tha "Castings and
Machining" sscticn of this pu 208,

s designed to bs
lgestlﬁg all of
ined in the "Bourke
case ferl free to

411 of -he different sections of this package ar
.as self-explanitory as possible, However, if after d
this material anc all the technical information conta
Frgine Documentary" you still have some guastion H
contact me.
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DESIGN CHANGES

‘ ‘This section is devoted to many of the improvements Mr, Sourke
made in his 400 cubic inch engine and improvements which are the result
of recent technology. All of these changes will be made in the propocsed
engine,

1. PRE-LOADING OF PISTONS =~ On the 400 cuoic inch design Russ pre=-
loaded Fis pistons 1in & wore precise and efficient way., Instead of
splitting the skirt and pre~loading, Russ added another ting groove at
the battom of the piston skirt and used "Marcel" and a double ringing
system in this ring groove and the second ring groove down from the head
of the pistom. The double ringing sysiemn was accomplished by surface
grinding two rings tc 4 of their orlginsl thickness (or to the raguired
thickness to accommodate the "Marcel") and securing this double ring

with two brass pins st 130° apart, Before installing the double ring,

a niece of "Marcel® is cut to length so that when fully depressed it

will just fit in the Dottom 180% of the ving groove between the two brass
nimg, The twn rings are then installed and the "marcel®” "pushes® ths cam
ground pistorn upward to seal the intake ports, exhsust ports, and oil
Fole. This system insures proper nre~loading af the piaten in the simo-
lest manner possible, Should the "Marcel” become fatigued aftgre .many
years of cperatioen, it is a simple procedure to pull the cylinder, pull
of f tha rings, and raplace the "marcal',

2, 0IL COGLING ~ The use of oil cocling was hignhly recommended try

Russ Oeosuss this will make the englne completely self-contained. The
use of water cooling would repuire @ segparate pump and air coeoling

should be zvoided becsuse of hot spots and resultant warpage., To con-
vert the engins to oil cooling, one simply needs to drill the pressent
watsr cooling holes into the crankcase ares and seal off or eliminate

the oressnt water passagss., The oil slung from the rapidly lLurning crank-
shaft is forced through the cooling holss into the cylinder coaling
jacket, Thisg oil is then forced out the top outlet of the cylinder cool-
ing jacket tc an oil coolar or copper tubThg attachad to an aluminum-
skinned aireraft. This cooled oil is then fed back into the crankcase
for re-cycling. '

3. CILING SYSTEM - The oiling system on the "400" was also slightly
modified ©o wcocommodate the use of slipper bearings throughout, The
0iling syster is completesly self-contained and works as follows: The
crankshaft has rifle drilled holes from journal bearings (slipper bear-
ings) to the slipper bearings on the throw (all giagrams on 400" in
Bourke Engins Documentary)., The rapidly turning crankshaft causes the
cil to be forced out through the throw slipper bearing via centrifungal
force. This in turn draws more oil in through the main Jjournsl slipper
tearings which are fed via the pressure relief bypass designed into each
cylinder, . This pressure relief bypass prevents cil from heing forced
past the piston and thus insuraes 'that the delicate fusl to alr ratio of
this engine is not wupset. The oil is forcsd intoc the rifls drilled
oiling holes on each cylinder by the pil thet is thrown fram the rapldly
turning crankshaft. Thus, one can se2 from the above that the eciling
svstem is completnly automatic and self-contzined and does not require
the use of an oil pump as in a conventional engine.
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DESIGN CHANGES (Conttd) - 2 =
a, SLIPPER] BEARINGS - as indicated. throughout this presentation, the

use oF Fa1l 9T roiler besrings should be avolded., All of the slipper
bearings used throughout the 400" engine were of the same design to
facilitate standardization of parts,

5. BREAKERLESS ELECTRONIC IGNITION SYSTEM - The breakerless electronic
ignitidA system 1% a result of technological advances, Russ utilized a
modified Bendix megneto system on the 30 cubic inch design., This mag-
neto system had mechanical breakers and its limiting speed was around
15,000 R, P, M,. Russ indiceted that the only two 1imiting factors on the
speed of this engine was the ability of the lgnition system to preduce

a spark fast enouch and critical piston spsed. With the electivonic
ignition system, there are no mechanical breakers snd therefore this

type of systexm car produce a spark which well sxceeds the other limiting
factor of critical piston speed. The critical piston speed of any engine
is expressed in feet of irsvel per minute and cen be found in an Cngineg~
griny Handbook, FRuss indicated that a safe cperating speed for his 30
cubic ineh would te around 15,000 R.P.M. (2 3/4 inch bore, 24 inch
stroke).

6. CRANKSHAT - The crankshaft on the "400" ie rifle drilled to accom-
modate the selfe-cintained oiling system as described in #3 of this sec-
tion., The crankshaft on the proposed engine will be similar in deslgn
to the one veed on the "400,"

7. YOKE PLATES ~ The yoke plates on the 70 qubic engine were perfectly

flat and Russ depended on the three "Hollow Krome" bolts to absorb the
shearing forces created st this point in the endine (explained in tapes).
Russ recommended machining a ridge on the yoke plate su the edge of the
rod could rest ageinst this ridge (sra diagram below). With this ridce
incorporated into the yoke plate, the entire face of the nlate would have
to be sheared off to cause a failure. The rod width in this type of
setup would have to be increased slightly to asccommodate the ridge thick=
ness and maintain the same tolerances which existed in this original
gngine, \

om0
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providing the proper f o for this engine rsorssents
the most difficult obsticle to overcome. All carburstors which are manue
factured For conventional engines are designed to provide the gesirved
fuel~-to~aiv ratio for that englne, This engima requites a constant
fuel-to-air ratio of 40 to 1 throuchout the entire spesd rangp "B coun=
VPﬂulﬂﬂdl carburptor Overates Detween 12 to 4 and 15 ta 1 at normsl oper-

G
-

ating sps ., This mixture is normally richer at idls and richer when
the auglwe is running at maximum recommended speed. bunurnti nal car-
burstnrs slso have accelerator wells, etc., which cen not be used with
this engine, Saeveral sttempts to run cur engine with modified convention-

al ecarhurators have convinced us that & mschsnical carbuvetor can not glive
uz the desived fuel-to-air ratio oo a consistant basis throughout the eo-
tire speed range, After careful studyy we fesl thet there is now aveil-
able = complete Ffuel syatem which can meet the needsd recuirements of this
engine -~ electronic fusl Injection.

in" aof the electronic fuel injection svabem is programmed ta
d fuel-to=air mixtU;e for o convention=l enginms. This
vates z fuel ’wjectnr to provide tht preciip'aﬂnunt of
et that opersting condition, To adewst the slecironic
system to this engine would requlire re-programsing the
"brain” to provide the consie tant 40 to 1 fu lealir mixture nseded, Two
electranic enginesrs questioned have indiczted that ra-proagramming the
nbrain' would be & rather simple matter, because this would provide a

give the de
thrain' then
fusl needed t“
fual lﬂJECtluﬂ

t’l“ ]
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consistant fuel-to-amir ratioc instesd of the variable which is now pro-
viced in Ehe conventiocnal sngine, Tth have also ingicated t precise
agjustment of the fusl-tu-sir vatio iy possible through elect Con~
trols, We irtend to pursue the develupment of this type gf f veltem

for the proposed engine building projzct.

"Another type of Fuel'system which would be quite compatible to &
constant duty u»p would be the use of simple fuel injectors (see gice
ture)., This 21 injector is nOthﬂU mors than a machined plece of Urass
with an Q" lﬁd gronve and "0" ring. This fuel injscior is imserted in
the bypass cav-ty nn the 30 cubic encine, As the piston starts tv tra-
vel towards TDC there is & partial vacuwum formed, Tha fuel in ¢ i
jector and hﬂnnecLlng DﬂSSﬁQEa is at atmaspheric pressure angd thus
forces ite way past the "0" ring into the bypass cavily, Wnen the pis-
ton skirt uncovers the intakes perts, the pressure equilizes ang the ®("
ring snaps shut, ~Russ recommended stariing out with o #E60 drill to

drill the six small holes under the "0" ring. He incicated exgeriman-
tation with different sizes of holes would be necssszcy to reach the
desired mixture and speed for the intended application, The disadvant-
age of this fuel injector is that the engine speed is not varieble as

with the electraonic Fuel injsction system,

1
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CASTINGS AND MACHINING

CASTINGS

‘411 castings are to meet the highest quality standards, It is very
important that cood pattern making and casting procedures bDe usied to in=
sure guality parts, Consistant wall thickness iis necessary on the cylin=
der to prevent warpage of ths cylinder during engine operations, Werpage
could result in disastercus engine fsilure. Consistant wall thicknesses
are also impcrtant on the piston and crankcase,

In small quantities, castings may be more economically made by in-
vestment casting process instead of sand castings, Investmant casting
should also be considered for crankshaft, rods, counterweights, and saddle.
If you are not familiar with the investment casting process, consult your
loczl library,

It is beyond the scope of this text to present the details involvecd
in the pattern making and casting processes involved in making this en-
gine. Several books on pattern making and castinge procedures are avail-
able for study from your local library, Valuesble assistance can also be
obtained from locasl pattern making shops 8nd foundrys.

MACHINING

It is beyond the scope of this text to provide the spseds, Feeds,
machining operations involved, surface finishes involved, tolerances,
etc. on this engine. All of the above can be obtained from &n Encineer=-
ing Handbeok and/or consultation with an experienced machinest and mech=
anical engineer. This section will describe what conditions are necessary
to build a2 successful engine.

The crarkcase is precision machined in both the horizontal and ver-
tical planes. On this engine the horizontal plane (centerline of piston
rod. assembly) and the vertical plane (centerline of the crankshaft) meet
at an invisible center, All machining operations are to be done using
this invisibie canter as a referance point and tolerances must be held to
zero on all wachining done within these two planes, Zero Tolerances are
a must because the slightest out of tolerance condition will magnify it=-
61T Thousands of times while the engine is running ot high speeds and
this can result in engine failure (very disasterous at 15,000 R.P.M.Jo
Long holes are rifle drilled and all other tolerances are ag specified
on the prints.

The assembled yoke plate - rod assembly must be ground to proper
tolerances with zero runout. Agsin zero runout is necessary to prevent
destructive forces from.building up in this engine at high speeds.

The piston is cam ground to provide a good seal to the inteks ports,
exhaust ports, and oiling hole, Failure ito cam gricg the piston would
result in oi: being forced around the piston skirt which would then up=
set the delicate fuel-to-air ratio needed. The intake and gxhaust ports

would also not szal properly and poor performance would result,
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Standard machining procedures ars used on the cylinders, however,
ane must insure the horizontal plane (centerline or cylinder bore) and
the vertical plane (flange at base of cylinder for mounting to crankcuse,
arz at a 90% zngle to each other with zero tolerences.

End plates must bs machined to hold the crankshaft in the correct
vertical plane in relation to the horizontal plane of the piston rod
assembly (see machinging of crankcase), Russ recommended using dowel pins
ta correctly position the end plates to the crankcase.

Dther items which:are noteworthy are:

a, There avre na gaskets used in this engine. All sealing
surfaces are metal to metal, excegt for cooling holes, and
oiling holes which have an "0" ring sesl.

b, All parts should be rough machined and then narmal ized be-
fore finish machining. Rough machining causes stress in
the metal which, if not normalized, can cause warpage of pre-
cision machined parts,




,aﬁssrzmaw INSTRUCTIONS

The unglnp is aasemgled in the relluwlng manner :

1,  Install "0" rings on rod bushings,
2.  Insert rod bushings into crankcase,

3, Insert both rods through the rod bushing via the crankcase,

&, Install one yoke plate with hollow "Krome" screws, This con-
nects the two rods together,

i
5, Assemble the slipper bearing onto the throw of the crankshaft,
|6, Install the crankshaft through the slot in the yoke plate
o wiich has bsen installed in step #3,

Te Install second yoke plate and secure with plastic lock nuts,

8. Install crankshaft throws and secure with bolt, cestle nut, and
cotter pin (see prints), )

9, Install seals and bearings in end plate,

143, Install end plates onto crankcase and securs with ruts ang
flat washers,

11. Inatall seal into bushing retainsar,

12, Install "0" ring over red which fits into roa bushing and
acts as a back up Ting for the seal,

13, Install bushing retainer and secure with four cap screws,
Safety wire these cap screws.

14, Install saddle and saddle pin onto the cod,

15, Install piston (with rtings installed) over saddle and secuve
with piston pin (be sure cam grounu side is up - sesalinc exe
haust and intake ports plus oiling holes),

16, - Install cvlinder and secure with four nuts and flat washers,

&4s orme can see from the above, this engine is sasily assembled, If the

engine needs to be rebuilt ’drtvr saveral thousand hours of use) it can
be completely dis-assembled and rs-assembled in atodt cne hour. Thea
enly parts which might need replacing for cemplete rebuilcing are:

1. Rod bushings (will probably be 0.K.)
\ 2. ALl mpw rings and seals
3. Riruds
4, lipper bearings
This PEDUlldlﬂq process wauld probably cost around %33 ta $40 and would
prevszre the engine for several thousand mare hours 0f uUse.

The assambly instructions given are for & two cyiinder engine and
would chenge s llghtly for a four cylindst model.

-




- DETAILS Of THE ENCLOSED PRINTS

1. Carburetor Mounting Plate: This pari may be eliminated cepending on
the type of Tuel system used (ses’sectimn an fuel svstems).

]

2. Piston and Related Cut-away Visws: . Piston design on this engine is
extremsly impartant, Jlurbulating fins are designed to transfer the in-
coming charge to the top of the cylinder in a cyclonic or whirlpool motion.
This is necessary to prevent any of the incoming cherge from being lost
through the exhaust ports until the rings can seal these ports off, The
pistomns are cam ground (see section on castings and machining) and pre-
lpaded - to insure proper sealing of the intake ports, exhaust ports, andg
oiling hole, 0On this engine the pre-loading was accomplished by splitting
the piston skirt and then peening (either electranicelly or mechanically)
these skirts to give the necessary "piush" to sesl the above mentianed
ports and oil hole, A different methaod of pre-loading was used on later
design engines (see section on design chesnges). Piston pre-loading is slso
necessary, because of heat transfer, as this allows the piston to start
transferring heat immediatley to the cvlinder waeil., If the pisten was

not pre-losded, by the time the piston becams hot =nough to expand and
start to transfer heat to the cylinder walls, it wouls sieze, Brass pins
are necessary to keep the rings from rotsting. If the rings wsre allowed
to rotate,<#g*would break when the joint passed owver a port. All o0il
oroaves are clearly marked, This piston was made from Alcoa 365 heat
treated aluminum alloy, All internal ribs, etc, are ~necessary for
strength and heat transfer to incomirg charge. Do Not use chrome ar
chrome plated piston rimgs with this engine. ChTome slating may chip off
and cause continucus overheating in all future operations. Butt cut
piston rings of low ténsile strength are preferred as the rings only act
as 8 seal and are not responsible for centering the piston in the bore
until the piston warms up, as in a conventional enging, Piston rings of
low tensile strength also cause less wear on the cylisder walls.

3. Cylinder, Sleeve, and Related Cut-away Views: The cylinders are

cast fram Alcoa 465 hest trea-ed aluminum,. 1his cylinder was water cooled.
However, oil cooling is recommended &s the syster can then bes made fully
automatic and self-contained (see design changes). The cooling jackets as
shown are approximate because of the iwpossibility of accurately measur~
ing the internsl dimensions from the cvlinder, The important aspect on
cyvlinder design is teo maintain a congistant wall thickness (see Castings
and Machining) to grevent warpage, There is no cooling jsckst arcund the
head of the cvlinder, @s a hot head helps to promcte the hydrogen cylce,
Air cooling of anything except the head should be avoidad @s there are
always hot spots on air cooled engines., Hot spots in this sngine would
result in warpage of precision machinsd and aligned components and could
result in disasterous engine failure., The two ,1495 inch diamater holes
located sbove the exhaust ports serve as compression relisf during start-
ing and slower sppeds. These holes ave tapped so thet they can be pluggec
(Lf desired,

A ade from &
standard bronze bushing machined to meet the needed r nts. The
"Cr rings are desiyned to seal the bushing to the case and the
ring acts as a back up ring on the sesl to keep the oil In t

4. Red Bushing and Bushing Retainer: The rod bushing ¢

un
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and the pressurs under the piston from-entering the crankcase, The rod
diameter and the piston pin diameter are the same, thus requiring only

one reamer for the rod bushing, saddle, and piston, The bushing retsiner
is designed to held the indicated seal and, when in position, holds the rod
hushing., The bushing retainer is in turn held in place by Tour cap SCThRWE,
which are safety wired in place.

5. Saddle ond Sa@addle Pin: The saddle and saddle pin are made from 1030
steel T Note the Internal groove in the saddle to allow the hollow rod to
"hreathe" im and out with each stroke. The saddle pin ls only designed to
hold the saddle Lo thé rod, as there is na pressure on Lhis pin, because
the piston is always under @ positive load and is v"pushing" on the rod,

6. Inteke Cover Plats, Counterweight Holding Bolt, and Piston Pin:

The intaks GGVED plate i1s made 0T aluminum, and 1s NECESEATY to cover the
intake ports which are drilled into the cylinder wall from the intake=
exhaust side of bthe cylinder. The counterweight holding holt is a stand-
ard bplt which holds the counterweiohts te the cranksheft. The castle
nut is instailec and held in place by a cotter pin, The crankshaft, with
counterweichts and slipper bearing installed, is then statically and
dynamically balanced., The piston pin is a standarvd "off the shelf"

item which hes aluminum ceps installed on the ends to prevent scouring

of the cylinder walls,

They
slipper

L
are designed fo rotate in the same diameter as tha oubside of <
bearing, This allows complete dynamic balancing of the cranks L asgems
bly throughout the entire speed rangse. Note the slot which intersects
the hole drilled for the counterweight holding bolt, This slot sllows pil
to enter the throw section of the crankshaft for oiling of the slipper
bearing, The oiling system was changed on his 400 arg represants a better
overall systezm (see design changes).

7. Counterweights: The counterweights are made of 1030 stesl

.
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8, Rod:  The rod is made of 1030 stesl. Note the rod is hollow to acd
) . oT——r 03 . » 3 *
rigidity and to allow cooling by the incoming charge on each stroke, All

wearing surfaces are case hardened and ground,

g, Yoke Plates: The yoke plates are nothing mora than two pisces of
flat TUS0 Steel plate which serves to connect the rods, On this engine
the bolts absorbed all of the shearing forces, On his 400, Russ machinec
a ridge for the rod edgaes to rest against (explainad in tapes = see design
chanaes). :

10, Slipper Bearing: The slipper bearing allows ths engine to safely tun
at the specds 1t does., Because of its design, this bearing can safely rTun
at speeds just a little under three times the critical speed of & single
journal bsaring. Because of its simplicity of design, operation, and
safety, Russ recommended using it throughout the encine, Outer race is
Ampco 18-22, middle race is steel, hardened and ground te the reauired
dimensions, and the inner rece is Ampco 18-7Z, The inner race is split
for assembly purposes and has the indicated il grooves,

11. Crankshaft: The crankshaft on this engine is made from 1030 steel
also, ~The TsFf end of the crankshaft is the drive end. The right end
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of tha crankshafi was made to adapt to a modified Bendix magneto, Break-
arless electronic ignition would be an excellent ignition system for this
gngine as it nas the capacity to kesep up with this en glﬂe at the higher
speeds. . The crankshaft was machined from solid plate stock, 0On the pro-
posed four cylindpr, 60 cubic inch engine, the crankshaft would be a solid
assembly with throws 180° apart, and with the improved oiling system (ses
design changes), :

12. End Plats: The end plate is made of aluminum and has roller bearings.
Russ did not racammend roller bearings and advised the use of the slipper
bearing (ses jesign,chénges)b The ailing qyetem for the rollwer bearing is
gasily seen but -would change slightly with the use of sllppar bearings

(see design chanues), The top plate on this engine was slightly different
bacause this engine was of vertical crankshaft design (d Fferent ciling
praocedure for tow bearino versus bottom bearing) nﬂd thie top base Dlata Was
deeicned to adapt to the modified Bendix msgneto system, The qroove run-
ning the full circumference uf the bottom plate is for ﬁlstributidn of

fuel to the fael injectors via the crankcsse, if injtctors were to be used.
0il exposed surfaces are epoxy-vacuum treated to prevent oll ‘seespage
through the porsg in the aluminum,

13. Crankcase: The crankcase is mdde from Alcoa 265 heat trsated
aluminum, ALl ail exposed snrrﬂc are epgoxy=vacuum freated tu grevent
0il seepsge through the pores in the aluminum,. The crankcase is the most
difficult part to make as it has to be precision machined to exacting

tolerances, Secause of the complexity of the crankrcase, a casting draw=-

ing and & machining drawing has been included, This crankcase is for a var-
ticzl crankshaft anq1ne. However, to changs to a horizontsl crenkshaft
engine would only require rotating the intake passages, cylinder oiling
hole, oil (or water) cooling holes, and the fuel irjection hole 9pf, A
horizontal crankshaft setup can Fe studied by asnalyzing the ﬁramlnga of tne
Bourke 400 in the "Sourke Ennine Documentary." All passsges are marked 7oT
reference to asatzhing parts of the engine. The crankcase for the pro-
gosecd 4 cylinder, 69 cubic inch engine would be similar in desion to the
Bourke 400 crankcase but, on a smaller scala,
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